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TESTS  OF  A  SPIRO  IUBBIBE 
Introduction 

Somewhat  over  a  year  ago  the  Buffalo  Forge  Company  placed 
upon  the  market  a  new  form  of  heat  motor  bearing  tne  trade  name  01 
Spiro  Turuine.      Tne  ciaims  made  for  this  machine  were  first,  its 
extreme  simplicity  and  ruggedness  with  attendant  low  first  cost  and 
upkeep;  and  second,  exceptionally  good  steam  economy.      This  thesis 
has  to  do  mainly  with  tests  made  by  the  writer  upon  a  6  n.p.  Spiro, 
kindly  loaned  the  University  of  Illinois  by  the  manufacturers,  for 
the  purpose  of  investigating  the  claim  as  to  steam  economy.  The 
first  claim  is  manifestly  justified  as  the  following  description 
and  discussion  will  show. 


CHAPTER  I 

Description  of  Turbine. 

X.  Essentially,  the  turbine  consists  of  two  rotors,  a 
casing  in  which  the  rotors  revolve,  and  the  heads  containing  the 
bearings.      Fewer  than  100  parts,  counting  every  screw  and  nut, 
enter  into  the  construction  of  this  machine.      In  Fig.  1,  are  shown 

the  rotors,  consisting  simply  of  a  pair 
of  herringbone  or  helical  gears  cut  on 
special  automatic  machines  and  ground  to 
mesh  very  closely  after  they  are  pressed 
and  keyed  on  to  nickel  steel  shafts. 
F'/S- 1         The  factor  of  safety  for  the  load  carried 
by  the  teeth  is  claimed  to  be  40.      Fig.  2  illustrates  the  casing. 
The  two  holes  on  either  side  of  the  central  rib  at  the  bottom  repre- 
sent the  steam  inlet  ports,  and  exhaust 
is  through  the  large  port  directly  above. 
The  rotors  are  thus  partially  floated  by 
the  steam  pressure  which  is  greatest  un- 
derneath, gradually  decreasing  around  the 
sides  to  the  top.      In  this  way,  friction 
with  consequent  wear  on  the  bearings,  is 
lessened.      The  clearance  between  the 
F'lg  Z  teeth  and  the  casing  is  very  small. 


The  heads  which  contain  the  bearings  and  packing  glands  are  shown 
in  Fig.  3.      A  sectional  view  of  the  usual  bearing  is  seen  in  Fig.  4, 

while  Fig.  5,  page  4,  shows 
the  packing  gland  which 
effectually  prevents  the  leak- 
age of  steam  through  the  hoads 
The  problem  of  leakage  is 
fairly  simple  since  the  ends  of  the  rotors,  and  hence  the  heads,  are 

subject  to  exhaust  press- 
ure only.      In  the  turbine 
tested,  ball  bearings, 
lubricated  from  external 
grease  cups,  replaced  the 
type  mentioned.  There 
is  no  end  thrust  since 
each  rotor  consists  of 
two  opposed  gear  sections.      The  film  of  steam  between  the  teeth  and 
casing  forms  a  cushion, preventing  friction,  but  the  use  of  a  lubri- 
cator, feeding  cylinder  oil  rather  slowly,  has  been  found  to  give 
the  best  results. 

A  very  good  idea  of  the  great  simplicity  of  the  machine 
can  be  gained  by  a  study  of  Fig.  6,  page  4,  which  shows  a  phantom 
view. 

From  a  consideration  of  the  foregoing,  it  is  readily  seen 
that  the  turbine  is  exceptionally  simple  in  design,  and  with  ordin- 
ary care  should  last  indefinitely.      The  entire  absence  of  intricate 
parts  helps  to  bear  out  this  statement. 
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Dimensions  of  Turbine,  etc. 

a.  Floor  Space:  20"  x  26" 

b.  Diam.  Inlet  Pipe:  3/4" 

c.  "    lixhaust    "  :  2" 

d.  Size  of  Rotors:  3-1/2"  x  8-7/16" ,approflc 

e.  YJeight  of  both  Rotors,  mounted  on 

Shafts:     43.25  lb. 

f.  Teeth  on  each  Rotor: 

1. Uumber:-  16 

2. Size:-         Pace:  1/8",  approx. 

Base:  11/32"  " 
Depth:  9/32"  " 

g.  Inlet  Ports:     1/2"  long,  somewhat 

elliptical  in  shape. 
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CHAPTER  II 
Steam  Analysis 

2.  A  brief  analysis  of  the  steam  action  is  next  in  order. 
Fig.  7  shows  a  section  of  the  turbine  at  midlength,  with  the  steam 

iU  EXHAUST 

inlet  below  and  exhaust  above.      The  port  is 
so  designed  that  the  jet  of  entering  steam 
strikes  the  V-shaped  pockets,  formed  by  the 
junction  of  the  two  sections  of  teeth,  at 
right  angles  with  the  axes  of  the  rotors  and 
frj.T    steMm inlet      tanSent  t°  them.      The  ports  are  rapidly 
covered  and  uncovered  by  the  teeth,  but  since  the  velocity  of  the 
steam  is  greater  than  that  of  the  rotors,  considerable  steam  under 
high  pressure  gets  into  the  immediate  tooth  space  each  time  a  port  is 
uncovered.      The  steam  then  passes  around  the  outside  of  the  rotors 
next  to  the  casing,  and  out  at  the  top,  expanding  all  the  way.  The 
velocity  of  the  steam  through  the  inlet  port  is  not  over  300  feet  per 
second,  and  hence  the  turbine  is  really  of  the  pressure  type  although 
there  is  more  or  less  impact  as  the  jet  strikes  each  pocket.  The 
principal  reaction  resulting  in  useful  work  is  that  which  follows 
from  the  change  of  direction  of  the  steam.      Entering  the  turbine  at 
right  angles  to  the  axes  of  the  rotors,  the  jet  leaves  in  a  direction 
practically  parallel  with  the  axes,  and  hence  it  has  been  turned 
through  an  angle  of  about  90  degrees.      Seemingly,  there  is  no  work 


accomplished  by  the  expansion  of  the  steam.      In  fact,  it  would 
appear  that  the  friction  involved  in  the  passage  of  the  steam  through 
the  long  tooth  spaoes  would  detract  from  the  efficiency  of  the  mach- 
ine.     It  is  claimed  by  the  manufacturers  that  with  a  ratio  of  ex- 
pansion of  3-1/2  (which  is  commonly  employed),  and  an  initial  press- 
ure of  100  lb.,  the  terminal  pressure  is  about  7  lb.,  taking  into 
account  the  drop  through  impact.      This  low  exhaust  pressure,  result- 
ing from  expansion,  is  of  course  desirable  since  it  simplifies  pack- 
ing, and  other  problems. 

If  it  is  true,  therefore,  that  the  steam  does  not  do  useful 
work  in  expanding,  then  exceptionally  good  economies  cannot  be  looked 
for  in  connection  with  this  machine. 
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CHAPTER  III 

Preparation  for  the  Tests 

3.  The  Dynamometer.      It  was  not  anticipated  that  a  great 
deal  of  time  would  be  required  in  getting  ready  to  test  the  turbine, 
but  several  difficulties  were  encountered  which  resulted  in  delay 
after  delay.      The  Buffalo  Forge  Company  recommended  the  use  of  vari- 
ous sizes  of  blast  wheels  as  absorption  dynamometers,  and  it  was  the 
intention  to  calibrate  these  by  means  of  an  electric  motor.  The 
wheel  was  to  be  fastened  to  the  motor  shaft  and  the  power  input  and 
efficiency  determined.      Then  calibration  curves  were  to  be  drawn, 
plotting  horse  power  against  speed,  correcting  for  barometer,  humid- 
ity, and  temperature.      This  plan  had  to  be  abandoned  when  it  was 
found  that  no  motor  of  sufficiently  high  speed  was  available.  The 
only  reasonable  alternative  seemed  to  be  the  use  of  a  prony  brake, 
and  considerable  doubt  was  expressed  as  to  the  advisability  of  its 
use  with  speeds  of  2000  to  4000  r.p.m.      The  writer  designed  and  con- 
structed a  brake,  attempting  to  make  the  pulley  as  light  and  well 
balanced  as  possible  so  as  not  to  cause  vibration  at  high  speeds,  and 
with  a  very  thin  shell  which  would  readily  transmit  the  heat  of  fric- 
tion to  the  cooling  water.      The  face  of  the  pulley  was  2-1/2"  with 
a  diameter  of  4-l/2".      A  hollow  arm  extending  to  one  side  fitted 
over  the  shaft  and  was  secured  to  the  latter  by  means  of  four  set- 
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screws.      The  weight  of  the  pulley  was  approximately  5  pounds.  The 
wood  blocks  and  arm  were  of  maple,  joined  by  two  l/2"  bolts  slipped 
through  coil  springs  so  that  a  relatively  delicate  adjustment  was 
possible.      The  length  of  the  arm  was  2  feet.      A  continuous  oiler 
attached  to  the  upper  block,  feeding  a  light  lubricating  oil  mixed 
with  graphite,  was  found  to  give  good  results.      An  idea  of  the  de- 
sign and  appearance  of  this  brake  can  be  gotten  by  referring  to  the 
photograph  on  page  S.      For  purposes  of  comparison,  it  was  decided  to 
use  the  three  blast  wheels  sent  by  the  Buffalo  Forge  Company,  togethe: 
with  the  calibrations  submitted  by  them. 

4.  The  Calorimeter.      Since  the  water  rate  was  to  be  based 
on  dry  steam,  it  was  imperative  that  the  quality  of  the  steam  should 
be  accurately  determined.      It  was  learned  from  a  few  preliminary 
tests  that  the  quality  was  too  low  to  permit  the  use  of  a  throttling 
calorimeter,  and  hence  a  Carpenter  separating  calorimeter  was  substi- 
tuted.     In  this  device  the  moisture  in  the  steam  is  mechanically 
thrown  down,  due  to  inertia,  and  collected  in  such  a  way  as  to  permit 
of  measurement.      The  dry  steam  escapes  from  the  instrument  through 
an  orifice  of  known  size,  and  the  quantity  passing  through  in  10  min- 
utes, depending  of  course  on  the  pressure,  can  be  read  directly  from 
a  special  steam  gage. 

5.  Other  Apparatus.      The  steam  line  to  the  turbine  was  an 
uncovered,  1"  pipe  of  some  length,  and  hence  the  use  of  a  separator 
was  highly  desirable.      Such  a  device  was  constructed  of  pipe  fittings, 
with  a  drip  line  below.      The  lubricator  which  came  with  the  turbine 
was  also  installed  in  the  line.      The  exhaust  connection  was  taken  up 
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and  carried  over  to  a  Wheeler  surface  condenser  (cooling  surface, 
63.5  sq.  ft.),  whose  air  pump  was  out  of  commission,  thus  making  any 
vacuum  tests  impossible.       The  accompanying  photograph  shows  the 
arrangement  of  apparatus  when  testing  with  a  prony  brake,  and  is  a 


front  view  of  the  machine.      The  photograph  on  the  next  page  is  a 


rear  view  with  one  of  the  blast  wheels  replacing  the  prony  brake. 
Two  small  pipes  are  seen  leading  down  from  the  base  of  the  turbine, 
one  of  which  is  the  drip  from  the  separator  and  the  other  is  an  out- 
let from  the  turbine  for  the  condensed  steam  which  collects  when  the 
machine  is  idle  and  which  must  be  allowed  to  escape  before  starting. 
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The  scales  used  in  connection  with  the  brake  were  very  sen- 
sitive.     These,  as  well  as  the  tank  scales  and  the  steam  gage,  were 
of  course  calibrated.      The  condenser  was  also  tested  for  leakage  by- 
allowing  the  circulating  water  to  pass  through  it  under  a  slight  press 
ure.      A  hand  speed  counter  and  an  instantaneous  tachometer  were  used 
to  obtain  the  r.p.m. ,  the  latter  instrument  serving  as  a  check  upon 
the  former. 


Mote:  The  photograph  on  page  9  was  taken  after  the  oiler  was  removed 
and  Raybestos  lining  attached  to  the  blocks. 


11 


CHAPTER  IV 
The  Tests 

6.     Trials  of  thirty  minutes  with  the  prony  brake  and  twen- 
ty minutes  with  the  blast  wheels  were  run  whenever  possible.  The 
first  series  of  tests  with  the  brake,  which  included  all  but  three 
of  the  trials,  were  run  at  constant  pressures,  beginning  at  50  lb. 
ga, ,  up  to  90  lb.,  by  10  lb.  increments;  and  then  from  90  lb.  up  to 
115  lb.  by  5  lb.  increments.      It  was  the  idea  to  keep  the  speed  as 
constant  as  possible  by  adjusting  the  brake  when  necessary.  The 
tendency  of  the  brake  was  to  get  red  hot  even  when  a  copious  stream 
of  water  played  upon  its  interior,  and  hence  it  was  impossible  some- 
times to  complete  a  test.      When  the  brake  began  to  get  unmanageable, 
pains  were  taken  to  keep  the  speed  and  load  constant  until  a  conven- 
ient time  interval  was  up,  when  the  final  observations  were  taken. 
The  writer  was  unable,  however,  to  run  the  turbine  at  anywhere  near 
its  full  capacity  except  on  one  occasion  when  Raybestos  lining  was 
used  on  the  wood  blocks.      Even  then  this  material  seemed  to  wear 
down  so  rapidly  that  an  attendant  was  kept  busy  adjusting  the  tension 
between  the  blocks. 

The  turbine  was  always  warmed  up  before  a  test  was  run  and 
every  effort  made  to  keep  conditions  constant  throughout  each  trial. 
This  was  hard  to  do,  especially  when  the  brake  was  used.      Since  the 
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manufacturers '  water  rate  was  based  on  a  gage  pressure  of  100  lb., 
zero  back  pressure,  several  tests  were  made  as  nearly  under  these 
conditions  as  possible. 

In  connection  with  the  fan  tests  it  was  the  intention  to 
run  at  constant  speed  with  a  sufficient  number  of  trials  to  give  a 
comprehensive  range,  say  from  1500  r.p.m.  to  3500  r.p.m.  Since 
the  speed  of  each  individual  fan  depended  upon  the  steam  pressure  a- 
lone,  no  effort  was  made  to  keep  the  pressure  constant. 

On  the  following  pages  will  be  found  log  sheets  of  all 
tests  run,  followed  by  a  table  and  curves  showing  the  results  ob- 
tained together  with  a  page  of  sample  calculations. 
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Tests  of  a  Spiro 

Turbine 

A.  L.  Myers 

Log  Sheet  lio.  1 

May  2,  1913. 

Barom. 

29.432 

Room  Temt) 

.  81  F 

0.  Terms. 

Tare  on  Br. Sc.  5.27  lb. 

/6. 

rt/^A-r: 

<5"7 

/6. 

Press. 

/■Aro'  Or: 

//?  /0  *r/r>. 

Sa  p. 

°/r' 

9:23 
9:33 

9:39 
9:49 

50.0 
50.0 

50.0 
50.0 

3.85 
3.85 

3.85 
3.85 

.110 
.310 

.100 
.310 

9:25 
9:30 
9:35 
» ;40 
9:45 
9:50 
9:55 

1600 
1580 
1700 
1760 
2230 
1880 
1850 

5.61 
5.67 
6.40 
6.30 
6.14 
6.22 
6.22 

131.5 
291.5 

57.0 

57.0 
57.0 

63.0 

63.0 
63.0 

98.:! 

98.1; 
98.1 

98.' 

10:08 
10:16 

0 

10:19 
10:28 

60.0 
60.0 

60.0 
60.0 

4.45 
4.45 

4.45 
4.45 

.130 
.350 

.120 
.350 

10:00 
10:05 
10:10 
3-0: 15 
10:20 
10;  25 
10:30 

1830 
1450 
1350 
1280 
1480 
1630 
1650 

7.65 
7.55 
7.55 
7.30 
7.30 
7.32 

176.5 
387.0 

57.0 
57.0 

64.0 
b4.0 

101.1 
101. » 

10:41 
10:50 

0 

10:52 
10  ;59 

70.0 
70.0 

70.0 
70.0 

5.00 
5.00 

5.00 
5.00 

.100 
.370 

.132 
.340 

10:35 
10:40 
10:45 
10:50 

10:55 
11  •  00 
11:05 

1900 
1980 
1760 
2200 
2170 
2130 
1600 

6.02 
7.97 
8.07 
7.95 
7.85 
7.80 
6.75 

214.5 
432.5 

57.0 

art  f\ 

57  .0 
57.0 

65.3 
65.5 

66.0 

104.6 
105. ( 

107. { 

11:13 
11:18 

11:21 
11:27 
11:35 
11:39 

80.0 
80.0 

80.0 
80.0 
80.0 
80.0 

5.60 
5.60 

5.60 
5.60 
5.60 
5.60 

.120 
.280 

.105 
.300 
.150 
.275 

11:10 
11:15 
11:20 
11:25 
11:30 
11:35 
11:40 

1860 
2200 
2280 
2400 
2580 
2300 
2380 

8.28 
8.40 
8.47 
8.45 
8.50 
8.60 
8.50 

186.0 
427.5 

57.0 

57.0 
57.0 

67.7 

67.7 
67.3 

Ul.ii 

110.], 
110*1 

11:47 
11:52 
11:56 
12:00 
12:02 
12:07 

® 

90.0 
90.0 
90.0 

yo.o 

90.0 
90.0 

6.20 
6.20 
6.20 
6.20 
6.20 
6.20 

.110 
.300 
.118 
.265 
.120 
.290 

11:45 
11:50 
11:55 
12:00 
12:05 
12:10 
12:15 

2370 
2640 
2350 
2350 
2420 
2220 
2100 

9.16 
9.00 
9.20 
9.17 

y.io 

y  .25 
9.00 

171.0 
443.0 

57.0 
57.0 

57.0 

68.0 
68.0 

67.8 

114. C 
114.5 

114.1 
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Tests  of  a  Spiro  Turbine 
A.  L.  Myers                                  Log  Sheet  So.  2                       May  2,  1913, 
Barom.  29.400      Room  Temp.  86.5  F    0.  Temp.  84  F    Tare  on  Br. Sc.  5.35,, 

J?K  if  c . 

/A 

O/l 

7^/?A  tTc. 

//>. 

2:32 
2:38 
2:41 
2:47 
2  :55 
2:59 

95.0 
95.0 
95.0 

.120 
.310 
.130 
.310 
.140 
.260 

2:30 

2:40 
2:45 
2:50 
2:55 
3:00 

2040 
1  770 

2000 
1950 
2150 
2200 
2210 

9.57 

Q  AO 

9.35 
9.30 
9.30 
9.40 
9.30 

162.0 
442.0 

61.0 
62.5 
63.7 

73.5 
76.0 
78.5 

116.5 
122.8 
125.5 

3:07 
3:12 
3:16 
3:20 
3:23 
3:28 

100.0 
100.0 
100.0 

.160 
.330 
.100 
.250 
.125 
.308 

3:05 

T  •  T  A 

o:  10 
3:15 
3:20 
3:25 
3:30 

1750 
1870 
2050 
2200 
2240 
2500 

10.40 
10  •  40 
10.25 
10.00 
y  .60 

182.0 
435.0 

64.0 
63.7 
63.5 

(Brak 

78.1 
77.8 
78.0 
e  hot ) 

126.8 
126.0 
127.5 

3:43 
3:47 
3:51 
3:55 
3:59 

105.0 
105.0 
105.0 

.195 
.340 
.185 
.350 
.145 

.  OJ.U 

3:41 
3:46 
3:51 
3:56 
4.01 
4.06 
4:11 

1560 
1380 
1600 
1670 
1720 
1660 
1700 

10.80 
11.10 
11.05 
11.05 
11.10 
11.30 
11.00 

169  .0 
471.5 

62.7 
61.0 
59.0 

78.0 
77.0 
73.3 

125.0 
128.7 
126.0 

4:28 
4:34 
4:37 
4:42 

110.0 
110.0 

.125 
.290 
.130 
.273 

4:25 
4:30 
4:35 
4:40 
4:45 

1650 
1680 
1730 
1810 
1930 

11.85 
11.50 
11.40 
11.35 
11.35 

175.0 
390.5 

58.0 

58.0 
(Hot 

72.8 

73.0 

brake ) 

125.0 
124.0 

4:58 
5:03 
5:07 
5:11 

115.0 
115.0 

.150 

.310 
.loo 

4:55 
5:00 
5:05 
5:10 
5:15 

1570 
1800 
1400 
1560 
1630 

11.95 
11.76 
11.95 
11.70 
11.65 

172.0 
394.0 

60.4 
60.7 

76.0 
75.7 

124.6 
125.0 

15 


Tests  of  a 

Spiro 

Turbine 

A.  L.  Myers 

Log  Shee-c  Ho 

.  3 

May  3,  iyi3. 

Barom. 

£9.57 

Room 

Temp.  83  F  O.Temp. 

Tare  on  Br.  So. 

.  5.50  lb. 

Br-,  tfc. 

on 

/6. 

/J/j-f.  in . 

14/ 

//a 

V 

9:55 
10:02 
10:05 
10;  11 

66.0 
68.0 
68.0 
70.0 

.120 
.280 
.115 
.265 

9:55 
10:00 
10:05 
10:10 
10:15 

2365 
2345 
2315 
2345 
2425 

8.00 
8.00 
7.80 
8.10 
8.15 

160.0 
304.5 

59.2 
59.5 

67.8 
68.2 

109.2 
110.0 

10;  36 
10:40 

<® 

100.0 
102.0 

.160 
.320 

10:30 
10:35 
10:40 

2090 
2070 
2095 

10.50 
10.50 
10.85 

163.0 
263.0 

58.2 

(Brak 

72.0 

e  hot  I 

121.2 

Fan  Uo.4  Running  Forward 

•—  ■ 

r 

11:59 
12:09 

Q 

40.0 
39.0 

.125 
.241 

11:50 
12:10 

1425 
1330 
1450 
1500 
1410 
1490 
1510 
1600 

166.5 
252.5 

60.0 
60.0 

60.0 

66.0 
65.0 

65.5 

98.5 
99.0 

98.8 

12:41 
12:49 

41.0 
43.0 

.110 
.210 

12:30 
12:50 

1750 
1765 
1820 
1800 
1650 
1700 
1700 
1710 
1775 

162.0 
256.5 

58.0 
58.0 
58.0 

64.0 
64.0 
64.0 

99.0 
99.0 
99.0 

12:56 
1:06 

1:07 
1:13 

45.0 
45.0 

44.0 
45.0 

.130 
.242 

.150 
.215 

12:55 
1:15 

1975 
2050 
1985 
2100 
2060 
2025 
2040 
2050 
2050 

256.5 
355.0 

59.0 
60.0 
60.0 

64.0 
64.0 
65.0 

100.0 
99.0 
100.0 
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Tests  of  a  Spiro  Turbine 
A.  L.  Myers                           Log  Sheet  Io«  4                         May  3,  1913. 
Barom.  29.37      Room  Temp.  83  F      0.  Temp. 

77 me. 

an 

//o/W// 
"/=■ 

Fan  No. 4  Running  Forward  (cont'd) 

1:21 
1:31 

1:32 
1:39 

m 

51.0 
50.0 

50.0 
54.0 

.128 
.262 

.124 
.220 

1:20 
1:40 

2450 
2455 
2500 
2540 
2600 
2435 
2380 
2550 
2740 

165.5 
278.5 

60.0 
60.0 
60.0 

66.0 
67.0 
67.5 

102.0 
102.0 
103.0 

1:46 
1:56 

2:04 

62.5 
62.5 

be  .  5 

67.0 

.124 
.300 

•  125 
.258 

1:45 
2:05 

3050 
2830 
2800 
2950 
3050 
3060 
2650 
3050 
3025 
3050 
3150 

165.0 
303.0 

60.5 
60.5 

61.0 

69.0 
69.0 

69.5 

107.0 
107.0 

109.0 

2:11 
2:18 

2:19 
2:25 

79.0 
78.0 

79.0 
78.0 

.136 
.324 

.138 
.310 

2:10 
2:30 

3500 
3500 
3525 
3550 
3535 
3500 
3480 
3435 
3590 

169.0 
338.0 

61.0 
61.0 
61.0 

73.0 
72.5 
72.0 

114.  0 
114.0 
115.0 
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Tests  of  a 

Spiro 

Turbine 

A.  L. 

Myers 

Log  Sheet  Mo 

.  5 

May 

3,  1913. 

Barom. 

29.32 

Room  Temp. 

87  F 

a. 

/ /me 

"/=■ 

Fan 

Uo.5  Running  Forward 

2:46 
2:56 

49.0 
47.0 

.121 
.211 

2:45 
3:05 

1750 
1760 
1650 
1660 
1610 
1700 
1690 
1700 

162.0 
268.0 

61.0 

61.0 
61.0 

67.5 

67.5 
67.5 

102.0 

103.0 
103.0 

3:11 
3:21 

3:23 
3:29 

m 

54.0 
54.0 

54.0 
54.0 

.130 
.236 

.121 
.210 

3:10 
3:30 

1925 
2075 
2020 
1960 
2100 
2110 
2175 
2175 

268.0 
385.5 

61.0 
61.0 

61.0 

67.5 
67.0 

67.5 

163.5 
103.5 

103.5 



3:36 
3:46 

3:47 
3:53 

0 

64.0 
62.5 

62.5 
62.5 

.129 
.313 

.102 
.212 

3:35 
3:55 

2540 
2510 
2550 
2550 
2535 
2490 
2550 
2450 
2325 
2475 

185.0 
320.5 

61.0 
61.0 

61.0 

68.5 
68.5 

69.0 

106.0 
106.0 

107.0 

la 


Tests  of  a 

Spiro 

Turbine 

A.  L. 

Myers 

Log  Sheet  No 

.  6 

May  3,  1913. 

(^a  /a  r-  /'rrr  c  /-err 

/A 

/  >». 

a  c; //<:/■ 

°r 

/tret/ 

V 

Fan  Ho. 5 

Running  Forward  (cont'd) 

4:04 
4:11 

4:13 
4:18 

m 

80.0 
80.0 

79.0 
81.0 

.120 
.310 

.126 
.262 

4:00 
4:20 

3050 
3050 
29  yu 
3150 
3000 
3050 
3160 
3125 

168.0 
336.0 

61.0 
60.0 

70.0 
70.0 

110.5 
112.5 

4:27 
4:33 

4:34 
4:40 

96.0 
96.0 

95.0 
96.0 

.130 
.330 

.115 
.328 

4:25 
4:45 

3525 
3445 
3475 
3450 
3500 
3600 
3650 
3475 
3425 

171.0 
368.5 

59.0 
59.0 
59.0 

71.0 
70.5 
70.5 

118.0 
118.0 
117.0 

m 

Fan 

No.  6  Running  Forward,-  Throttle 

wide 

open 

4:56 
5:06 

5:08 
5:14 

0 

121.5 
112.5 

113.5 
115.0 

.105 
.340 

.108 
.270 

4:55 
5:15 

3150 
3120 
3150 
3100 
3050 
3025 
3125 
3075 
3050 

162.5 

60.0 
60.0 
60.0 

75.0 
75.0 
76.0 

124.0 
125.0 
126.0 
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Teats  of  a  Spiro 

Turbine 

A.  L.  Myers 

Log  Sheet  Ho 

.  7 

May  5,  1913. 

Barom. 

29.4 

Room 

Temp.  85  1 

on 
7arrfr  Sc. 

/A 

am 

5*" 

of 

°F 

Fan 

Ho. 6  Running 

Forward 

2:1£ 
2:24 

2:25 
2:29 

Q 

60.0 
53.0 

54.5 
53.0 

.105 
.315 

.135 
.202 

2:10 
2:30 

1540 
1610 
1550 
1575 
1660 
1550 
1525 
1590 
1610 

161.0 
279.5 

58.5 
58.5 
58.5 

67.0 
67.0 
67.0 

106.0 
105.0 
104.5 

2:36 
2:43 

2:44 
2:50 

65.0 
63.0 

62.5 
66.0 

.115 
.300 

.128 
.305 

2:35 
2:55 

1825 
1855 
1850 
1800 
1775 
1900 
1910 
1900 
1875 

166.5 
303.0 

58.0 
59.0 
60.5 

68.0 
69.0 
70.5 

108.5 
108.5 
110.5 

3:01 
3:06 

3:07 
3:12 

3:14 
3:19 

0 

76.0 
76.0 

76.0 
79.0 

76.0 
74.0 

.125 
.295 

.126 
.318 

.118 
.287 

3:00 
3:20 

2310 
2260 
2225 
2200 
2290 
2400 
2280 
2250 
2250 

167.5 
330.0 

61.0 
61.0 
61.0 

72.0 
72.0 
72.0 

115.0 
116.0 
115.0 

Barom. 
29.392) 

3:26 
3:30 

3:31 
3:36 

3:37 
3:43 

0 

98.5 
98.5 

98.0 
98.0 

97.5 
99.0 

.140 
.330 

.110 
.345 

.150 
.305 

3:25 
3:45 

2725 
2715 
2710 
2700 
2740 
2640 
2710 
2650 
2660 
2690 

167.5 
367.5 

61.0 
61.0 

60.5 

75.5 
76.0 

76.0 

124.0 
125.5 

- 

126.0 

 —  

zo 


Tests  of  a  Spiro  Turbine 
A.  1.  Myers  Log  Sheet  Wo.  8  May  7,  1913. 


Barom.  29.5      Room  Temp.  78  F      Q.  Temp.  70  F      Tare,  Br. Sc.  5.07  lb. 


T7>. 


3:27 


3:48 


98.0 


95.5 


14/ 


.110 


.320 


77, 


/me. 


3:25 
3:30 

3:35 
3:40 

3:45 


3:50 
3:55 


O/l 

/6. 


8.0 
8.0 

8.0 
8.0 

8.0 


on 


162.0 
215.0 

265.0 
315.0 

365.0 


8.0  415.0 


8.0 


468.0 


4700 
5000 
4000 
4740 
5100 
3850 
4700 
3560 
4500 
4550 
4800 
4950 


57.0 


56.5 


56.5 


56.5 


Ztti 


69.0 


69.0 


69.0 


69.0 


120.0 


121.0 


120.0 


121.0 


23 *r<- 


7c6) 

*\S  of  c 

x  S/r/ro  Turbine. 

•  A 

L.  Myers 

.   May,  1913 

8-lmes- 

*~  ~77>r>rt} 

era  f  is 

ffreraje 

8rer0je 

rTrajjfre. 
lt/Sf  in. 

1° 

per 

Mm. 
<  8  s.) 

Brake 

1/arJc 

Thiol 
■  

pkeric 
Press. 

7~?oo  m 

Oufs'Wc 

lef,Ci'r- 

C  v/*f- 

t'"S  , 
u/4-hrr 

c  v/irf- 
14/4  re r 

Ho-fwell 

Sfetm 

Pn&svre 
li./sf-  ft 

C*. 

Sfe*/n 

Tfaic 

an  airy 
ffeam) 

Bra /re. 

/ 
/ 

14.4  / 

ai.o 

BO.O 

JT7.0 

63.0 

98.4 

47ZJ 

6I.7Z 

.  947 

J.  3 

/800 

.S& 

347 

Z 

37  O 

64.0 

101.6 

37.  Z5 

7/.7JZ 

,941. 

/S14 

A  16 

314 

~z 
3 

S7.0 

6S.S 

/as.  8 

67.75 

B2.2.Z 

.  14+ 

7  963 

1.87 

ZZO 

4 

S70 

67.6, 

110.7 

78.35 

12. fit. 

A4S 

.r.S 

ZZ86 

Z.  7& 

164 

o 

37- O 

68.0 

114.2. 

88.00 

I0Z47 

A44 

s.c 

Z3SO 

.3.  45 

14  9 

/■ 
Q> 

14.43 

86.5 

84. 0 

62.4 

76. 0 

10,1.7 

93.00 

107.43 

.  9SS 

4.S 

Z076 

3-  -1-0 

167 

i-f 
I 

63.7 

78. 0 

116. 6 

98.30 

IIZ.73 

A  SO 

S.Q 

Z/OZ 

3.83 

151 

S3 
O 

6o.q 

76.1 

116  C 

103. So 

117  A  3 

.947 

S3 

16/3 

.3.31 

163 

Q 

jra.o 

72.4 

IIS.  5 

1 08.  So 

IZZA3 

A63 

3.7 

176  0 

4.  IZ 

147 

//"> 
IU 

60.5 

73. 8 

IZA.9 

113.  So 

IZ7.  93 

.960 

4.0 

IS9Z 

3.  91 

163 

II 
1 1 

I4AO 

33. 0 

59.3 

68.O 

AS.  So 

71  AO 

ASZ 

4.S 

23S9 

Z.I7 

190 

Ik, 

SB.  7. 

7Z.O 

IZI.Z. 

99.40 

113.80 

.94  S 

S.S 

'lOSS 

4.01 

139 

l~3 

78. 0 

-70.0 

36.5 

69.O 

IZ0.5 

94.70 

I09.  18 

.985 

I.S 

4  S3  7 

307 

II? 

Bl<*<sf  H/heo/  lfo.4 

1 

14.40 

83,0 

60. O 

6S.S 

98.7 

3<Z,.S 

So.V 

.964 

3.6 

1467 

.40 

6ZZ 

z 

38.  O 

64.0 

99.0 

39.0 

.T3.4 

.  96Z 

Z.7 

1741 

.SO 

346 

60.O 

6,4.0 

IOO.O 

41. 9 

S£.X 

.96,7 

1.3 

U37 

.  6,0 

4 

60.0 

67.0 

lOl.o 

48.4 

6Z.8 

.965 

x.sr 

2.S/7 

I.IZ 

-47  Z. 
Z94 

60.S 

69.0 

I08.0 

60.6. 

7S.O 

.960 

4.0 

1161 

Z.OI 

198 

6, 

61. 0 

71.  S 

II  4.0 

77.0 

9IA 

AST. 

4-8 

3S/3 

3 .18 

ISZ 

B/as-f-  W/h 

eel  A/o.  S 

i 
i 

6/.0 

67.  S 

10  3.0 

4S-Z 

S9.6 

.976 

2.4 

1690 

.60 

S18 

2 

6/.0 

67.  S 

IO  3.  S 

S/.  Z 

6S.6 

.970 

SO 

2068 

,90 

38o 

 ^ 

610 

68.5 

10  6.0 

60.Z 

746 

.961 

3.9> 

Z4?8 

1.-70 

Z30 

I4.3S 

87.  o 

60.0 

70.o 

II 1.  7 

78.4 

91.76 

.9  S3 

4.7 

3197 

3.  SO 

138 

39.0 

7a.  s 

IIQ.O 

93.  e 

108. 16 

.9 SO 

S.o 

3SOS 

4.7  0 

1  lO 

M/hxtif  AS  & 

i 

14.43 

3S.O 

38. 5 

67.0 

JOS.O 

6  6.73 

.96o 

4.0 

IS8o 

.65 

SZ-S 

<7 

S9.0 

61.0 

I09.O 

£/.S 

7S.93 

94  Z. 

S.8 

18SS 

1.05 

368 

3 

14.40 

3S.O 

6/.0 

7X.O 

IIS.O 

74.6 

89.0O 

.938. 

6.Z 

1Z74- 

2. SO 

198 

4 

(al.O 

76.0 

IZS-O 

96.4 

110. BO 

.943 

S.7 

Z694 

4-Z-o 

/3S 

S 

60.0 

1S.0 

IZS.O 

114.  1 

I18A8 

.968 

3Z 

309 4- 

3.  83 

118 

i 

TP/ a/  /^J  /^/-ory  J5>*e  A"<r : 


c/c  ^stress 


.  "4-9/  x  reaeZ/rTj  of  //a. 


/>7  /src/ref. 
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err  — 
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3  y  £300 


=  //9  /£>. 


Z£-  a. 


C  crises  showing  re/ohon  be- 
hor'S c  fonder 


Z3 


Discussion  of  Results  and  Conclusions. 


7 From  a  study  of  the  curves  on  the  opposite  page,  it  is 
seen  that  the  results  from  the  fan  tests  check  out  those  obtained 
from  the  brake  tests  to  a  surprising  degree.      Before  the  fan  tests 
were  run,  the  writer  felt  that  perhaps  the  prony  brake  was  not  reli- 
able for  high  speeds,  and  was  the  more  constrained  to  this  belief 
since  the  water  rates  obtained  were  100$  in  excess  of  those  claimed 
by  the  manufacturers.      One  result  representing  a  10  minute  trial 
with  the  brake  might  with  reason  be  discarded,  but  its  removal  would 
not  affect  the  general  slope  of  the  curve  shown.      In  drawing  these 
curves,  points  representing  values  obtained  at  normal  speeds,  i.e., 
2000  to  2500  r.p.m. ,  were  given  the  greatest  weight. 

The  quality  of  steam  varied  from  .938  to  .985.  This 
latter  value  is  considerably  above  the  average  obtained,  and  was 
gotten  at  an  exceptionally  high  speed.      It  is  not  unreasonable  to 
suppose  that  the  presence  of  considerable  moisture  in  the  steam 
lessens  the  efficiency.      The  average  quality  during  the  fan  tests 
was  some  better  than  that  which  obtained  when  the  brake  tests  were 
being  run,  possibly  due  to  a  higher  average  speed.      Just  what  effect 
the  quality  has  is  an  interesting  question. 

The  writer  believes  that  the  results  are  correct,  since 
great  care  was  taken  in  making  observations  and  in  calculating  re- 
sults. 


It  would  seem  then,  that  the  statement  made  in  Art.  2 
with  regard  to  poor  economy  is  borne  out  by  the  results  obtained. 
The  economy  of  the  Spiro  turbine  would  compare  with  that  of  the 
steam  pump  or  other  turbines  of  similar  capacity,  and  hence  does  not 
have  an  exceptionally  low  steam  consumption. 

Apparently,  the  most  economical  speeds  are  around  2000  r.p.|u 

and  above. 


Note:      The  writer  wishes  to  acknowledge  his  indebtedness  to 
Professors  Richards  and  Goodenough,  and  Mr.  Godeke,  for  helpful 
suggestions  and  advice. 


